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25-05-2000 

FORFARANDE VID ROTERANDE ELEKTRISK MASKIN SAMT MASKIN FOR 
GENOMFORANDE AV FORFARANDET 

Foreliggande uppfinning avser ett forfarande vid en roterande elektrisk 
maskin for hog spanning samt en dylik roterande elektrisk maskin. 

I synnerhet avser foreliggande uppfinning en roterande elektrisk maskin 
med den typ av lindning som beskrivs i ingressen till patentkraven 1 resp 26. 

De roterande elektriska maskiner som avses i detta sammanhang inne- 
fattar synkronmaskiner, som huvudsakligen anvands som generatorer for anslut- 
ning till distributions- och transmissionsnat, gemensamt kallade kraftnat. Synkron- 
maskinerna anvands ocksa som motorer samt for faskompensering och span- 
ningsreglering och da som mekaniskt tomgaende maskiner. Detta tekniska omra- 
de innefattar aven normala asynkronmaskiner, dubbelmatade maskiner, vaxel- 
stromsmaskiner, asynkrona stromriktarkaskader, ytterpolmaskiner och synkronflo- 
desmaskiner. Dessa maskiner ar avsedda att anvandas vid hoga spanningar, var- 
med har avses elektriska spanningar som i forsta hand overstiger 10 kV. Ett ty- 
piskt arbetsomrade for en dylik roterande maskin kan vara 36 - 800 kV, och fore- 
tradesvis 72,5 - 800 kV. 

Vid konventionella typer av roterande elektriska maskiner utgors stator- 
stommen ofta av en svetsad stalplatskonstruktion. Statorkarnan, aven kallad plat- 
karnan, ar normalt vid storre maskiner utformad av, foretradesvis 0,35-0,50 mm 
tjock, s k elplat uppdelad i paket. Statorkarnan arforsedd med radiella spar for 
upptagande av lindningen i radiella lager pa olika radiella avstand fran det luftgap 
som finns mellan statorn och en rotor. Med ordet lager avses saledes lager av 
lindningen pa olika radiella avstand fran statorns centrumaxel. Den del av lind- 
ningen som stracker sig fram och tillbaka en gang genom statorn mellan olika la- 
ger bildar ett lindningsvarv. 

Roterande elektriska maskiner har konventionellt utformats for spanningar 
inom intervallet 6 - 30 kV, varvid 30 kV normalt ansetts vara en ovre grans. Detta 
innebar vanligen i generatorfallet att en generator maste anslutas till kraftnatet 
over en transformator som transformerar upp spanningen till natets niva, vilken 
ligger inom omradet ca 130 - 400 kV. 

Olika forsok har under arens lopp gjorts for att utveckla sarskilt synkron- 
maskiner, foretradesvis generatorer, for hogre spanningar. Exempel pa detta finns 
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beskrivna i bl a "Electrical World", October 15, 1932, sid 524-525, artikeln "Water- 
and-Oil-cooled Turbogenerator TVM-300" i J. Elektrotechnika, nr 1, 1970, sid 6-8, 
och patentpublikationerna US 4,429,244 och SU 955 369. Emellertid har inga av 
dessa forsok varit framgangsrika och de har inte heller lett till nagon kommersiellt 
tillganglig produkt. 

Det har dock visat sig vara mojligt att som statorlindning i en roterande 
elektrisk maskin anvanda hogspanda isolerade elektriska ledare med fast isola- 
tion, av likartat utforande som kablar for overforing av elkraft (t ex s k PEX-kablar). 
Harigenom kan maskinens spanning hojas till sadana nivaer att den kan direktan- 
slutas till kraftnatet utan mellanliggande transformator. Darigenom uppnas saledes 
bl a den mycket betydande fordelen att den konventionella transform atom kan eli- 
mineras. En roterande elektrisk maskin med sadan lindning beskrivs exempelvis i 
PCT-ansokan WO 97/45919. Ytterligare beskrivning av den isolerade ledaren eller 
kabeln finns i PCT-ansokningarna WO 97/45918, WO 97/45930 och WO 
97/45931. 

Ovan namnda typ av lindning, vasentligen motsvarande kablar med fast 
extruderad isolation som i dag anvands for kraftdistribution, t.ex. namnda PEX- 
kablar eller kablar med EPR-isolation, innefattar en inre ledare sammansatt av en 
eller flera kardeler, ett ledaren omgivande inre halvledande skikt, ett detta omgi- 
vande fast isoleringsskikt och ett isoleringsskiktet omgivande yttre halvledande 
skikt. Dylika kablar ar bojliga vilket ar en vasentlig egenskap i sammanhanget ef- 
tersom tekniken for anordningen enligt uppfinningen i forsta hand baserar sig pa 
ett lindningssystem dar lindningen gors med ledningar som bojs vid montering. En 
PEX-kabel har normalt en bojlighet motsvarande en krokningsradie pa ca 20 cm 
for en kabel med 30 mm diameter och en krokningsradie pa ca 65 cm for en kabel 
med 80 mm diameter. Med uttrycket bojlig avses i denna ansokan saledes att 
lindningen ar bojlig ned till en krokningsradie i storleksordningen 4 ganger kabeldi- 
ametern och foretradesvis 8-12 ganger kabeldiametern. 

Lindningen bor vara utford sa att den kan bibehalla sina egenskaper aven 
nar den bojs och nar den under drift utsatts for termiska pakanningar. Att skikten 
bibehaller sin vidhaftning vid varandra ar av stor betydelse i detta sammanhang. 
Avgorande ar har skiktens materialegenskaper, framfor allt deras elasticitet och 
deras relativa varmeutvidgningskoefficienter. For exempelvis en PEX-kabel ar det 
isolerande skiktet av tvarbunden lagdensitetspolyeten och de halvledande skikten 
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av polyefen med inblandacle sot- och metallpartiklar Volymforandringar till foljd av 
temperaturforandringar upptas helt som radieforandringar i kabeln och tack vare 
den jamforelsevis ringa skillnaden hos skiktens varmeutvidgningskoefficienter i 
forhallande till den elasticitet som dessa material har, sa kommer kabelns radiella 
expansion att kunna ske utan att skikten lossnar fran varandra. 

Ovan angivna materialkombinationer ar endast att ses som exempel. Inom 
uppfinningens ram faller naturligtvis aven andra kombinationer som uppfyller de 
namnda villkoren och uppfyller villkoren att vara halvledande, dvs. med en resisti- 
vitet i omradet 10" 1 - 10 6 ohm-cm, t ex. 1 - 500 ohm-cm, eller 10 - 200 ohm-cm. 

Det isolerande skiktet kan exempelvis utgoras av ett fast termoplastiskt 
material sasom lagdensitetspolyeten (LDPE), hogdensitetspolyeten (HDPE), po- 
lypropylen (PP), poly-butylen (PB), polymetylpenten (PMP) t tvarbundna material 
sasom tvarbunden polyetylen (XLPE) eller gummi sasom etylen-propylengummi 
(EPR) eller silikongummi. 

De inre och yttre halvledande skikten kan ha samma basmaterial men 
med inblandning av partiklar av ledande material sasom sot eller metallpulver. 

For de halvledande skikten kan aven etylenvinyl-acetatsampolymer/ni- 
trilgummi, butylymppolyeten, etylen-akrylat-sampolymer och etylenetylakrylat- 
sampolymer utgora lampliga polymerer. 

Aven da olika slag av material anvandes som bas i respektive skikt ar det 
onskvart att deras varmeutvidgningskoefficient ar av samma storleksordning. For 
kombinationen av de ovan uppraknade materialen forhaller det sig pa detta satt. 

De ovan uppraknade materialen har en ganska god elasticitet med en E- 
modui E < 500 MPa, fbretradesvis < 200 MPa. Elasticiteten ar tillracklig for att 
eventuella smarre avvikelser hos varmeutvidgningskoefficienterna for materialen i 
skikten kommer att upptas i radialriktningen av elasticiteten sa att ej sprickor eller 
andra skador uppstar och sa att skikten ej slapper fran varandra. Materialen i 
skikten ar elastiska och vidhaftningen mellan skikten av atminstone samma stor- 
leksordning som i det svagaste av materialen. 

Ledningsformagan hos de bada halvledande skikten ar tillrackligt storfor 
att i huvudsak utjamna potentialen langs respektive skikt Ledningsformagan hos 
det yttre halvledande skiktet ar sa pass stor att det yttre halvledande skiktet har 
tillracklig ledningsformaga for att innesluta det elektriska faltet i kabeln, men sam- 
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tidigt liten nog att ej ge anledning till signifikanta forluster pgai skiktets langsrikt- 
ning inducerade strbmmar. 

Vardera av de bada halvledande skikten utgor saledes vasentligen en ek- 
vipotentialyta och lindningen med dessa skikt kommer att i huvudsak innesluta det 
elektriska faltet inom sig. 

Det utesluts naturligtvis inte att ytterligare ett eller flera halvledande skikt 
kan vara anordnade i det isolerande skiktet. 

Ett problem som uppstar vid anvandning av PEX-ledare och liknande som 
lindning ar den utvidgning dessa undergar vid den uppvarmning som blir resultatet 
av idrifttagandet av maskinen, p g a deras forhallandevis hoga varmeutvidgnings- 
koefficient. Normal drifttemperatur for en maskin av det aktuella slaget ar av stor- 
leksordningen 70°C, vilket ar betydligt lagre an for konventionella maskiner som 
har en drifttemperatur pa ca 100-120°C. Skillnaden i temperatur nar maskinen ej 
ar i drift och nar den ar i drift, vilken vanligen ar av storleksordningen 50°C men 
aven kan vara betydligt storre om maskinen t ex ar placerad utomhus i kallt klimat, 
gor att en PEX-ledare som sitter val fixerad i statorsparen nar maskinen ar i drift 
krymper nar ett driftuppehall gors och mycket val kan slappa kontakten med spa- 
ren sa att den ligger mer eller mindre los nar maskinen ej ar i drift. Denna losa le- 
dare utgor da ett problem nar maskinen tas i drift igen. Alternativt ar PEX-ledaren 
och statorsparen sa dimensionerade i forhallande till varandra att ledaren ar fixe- 
rad i sparen aven nar maskinen ej ar i drift. Nar maskinen sedan tas i drift och 
temperaturen okar kommer PEX-ledaren att varmeutvidgas och den riskerar da att 
skadas i sparen. Som ett ytterligare alternativ kan sarskilda anordningar for infast- 
ning och fixering av PEX-ledaren i sparen anvandas, vilket har nackdelen att vara 
bade kostnadskravande och svart att installera. 

Foreliggande uppfinning avser att losa ovanstaende problem orsakat av 
temperaturskillnader och varmeutvidgning hos lindningen. 

Problemet loses, enligt foreliggande uppfinning sasom definieras i den 
kannetecknande delen av kravet 1 , genom ett forfarande dar statorn kyls, nar den 
ar i drift, till en temperatur T1 , och att den uppvarms, nar den ej ar i drift, till en 
temperatur T2. En motsvarande roterande elektrisk maskin loser problemet sa 
som anges i den kannetecknande delen av kravet 26. Den roterande maskinen 
innefattar saledes en anordning for att kyla statorn, nar den ar i drift, till en tempe- 
ratur T1 och uppvarma statorn, nar den ej ar i drift, till en temperatur T2. Harige- 



5 



PCT/SE00/01069 
25-05-2000 



nom astadkoms fordelen att namnda temperaturskillnader minskar och varmeut- 
vidgningen hos lindningen minskar darmed aven. Genom att temperaturskillnader- 
na pa detta satt reduceras i hog grad eller, enligt en sarskilt fordelaktig utforings- 
form, utjamnas helt, se nedan, elimineras ocksa problemen med olika termisk ut- 
5 vidgning av den fasta isolationen och de isolationen omgivande skikten hos den 
anvanda isolerade, elektriska ledaren. En sadan reduktion av temperaturvariatio- 
nen, alternativt konstanthallning av temperaturen, mojliggor darmed friare val av 
material i den isolerade ledaren. Salunda kan andra ledarmaterial, med storre tem- 
peraturkoefficienter, anvandas och material med skilda temperaturkoefficienter 

10 kan kombineras i den fasta isolationen och de omslutande skikten. 

Enligt ett sarskilt fordelaktigt sardrag innefattar denna anordning atminsto- 
ne ett kyl- och uppvarmningssystem for statorn och ett overvakningssystem inne- 
fattande organ som uppmater statorns temperatur vid drift resp nar den ej ar i drift 
och organ som styr kyl- och uppvarmningssystemet sa att namnda temperaturer 

15 T1 , till vilken statorn kyls nar den ar i drift, resp T2, till vilken statorn uppvarms nar 
den ej ar i drift, uppnas och uppratthalls. 

Enligt ett foredraget sardrag ar temperaturen T2 foretradesvis vasentligen 
lika med temperaturen T1 , vilket innebar att statorns temperatur halls vasentligen 
konstant oavsett om den ar i drift eller inte. 

20 Enligt ett annat foredraget sardrag ar den temperatur T2 som statorn upp- 

varms till nar den ej ar i drift, nagot lagre an den temperatur T1 som statorn kyls till 
nar den ar i drift, varvid foretradesvis T2 ar av storleksordningen 0-20°C lagre an 
T1, och med fordel 0-1 0°C lagre an T1, eller av storleksordningen 10-15% lagre 
an T1. 

25 Genom att temperaturen ar konstant eller i det narmaste konstant har 

PEX-ledarens isolering konstant volym, vilket forenklar infastningen och monte- 
ringen av lindningen samt gor hela konstruktionsprincipen enklare och palitligare. 
Inga markbara relativa rorelser p g a skillnader i utvidgningskoefficienterna mellan 
de olika delarna hos stator och lindning erhalls. 

30 Enligt ett foredraget forfarande monteras lindningen, vid tillverkningen av 

maskinen, i statorns spar med ett spel som vasentligen motsvaras av lindningens 
forvantade expansion vid statorns drifttemperatur. Alternativt kan lindningen, fore 
monteringen i statorns spar deformeras mekaniskt pa ett sadant satt att lindning- 
en, nar den darefter monterats i sparen, kommer att aterta sitt odeformerade till- 
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stand varvid lindningen kommer att anligga mot sparens vaggar. Enligt ett ytterli- 
gare alternativ kan lindningen, fore monteringen i statorns spar, kylas ned varvid 
den undergar termisk krympning, varefter den monteras i sparen, och efter monte- 
ringen i sparen kommer den att aterta sin ursprungliga form pga uppvarmning, 
5 varvid lindningen kommer att anligga mot sparens vaggar. I samtliga fall uppvarms 
statorn, efter monteringen av lindningen men fore idrifttagandet, med fordel till en 
temperatur T3, vilken foretradesvis vasentligen motsvarar statorns forvantade 
drifttemperatur TO, 

Maskinens overvakningssystem innefattar saledes med fordel aven organ 
10 for uppmatning av statorns temperatur innan den tas i drift for forsta gangen, or- 
gan som styr kyl- och uppvarmningssystemet sa att statorn, innan den tas i drift for 
forsta gangen, uppvarms till en temperatur T3, och organ som styr att maskinen 
tas i drift forst nar temperaturen T3 har uppnatts. 

Temperaturen T3 kan aven vara nagot lagre an statorns forvantade drift- 
15 temperatur TO, varvid foretradesvis T3 ar av storleksordningen 0-20°C lagre an TO, 
och med fordel av storleksordningen 0-1 0°C lagre an TO. 

Genom att bl a utnyttja det "minne" som en PEX-ledare och liknande leda- 
re har, vilket utloses av varme eller tid, sa erhalls fordelen att man far en lindning 
som inte ar fixerad i statorsparen forran drifttemperaturen vasentligen uppnatts. 
20 Detta forbattrar aven mojligheterna att ersatta en skadad del av lindningen. 

Enligt en foredragen utforingsform innefattar den roterande maskinens kyl- 
och uppvarmningssystem atminstone en expanderbar ledning for transport av ett 
kylmedium och/eller ett varmemedium, vilken ar inford i harfdr avsedda kanaler i 
statorkarnan, samt medel for expandering av namnda ledning, varvid namnda led- 
25 ning nar den expanderats trycks mot kanalens insida for god kontakt och varme- 
overforing. 

Namnda ledning, vilken foretradesvis ar ett forhallandevis styvt ror av 
PEX-material eller liknande, har med fordel fore inforande belagts med ett skikt 
smaltbart vidhaftningsmedel, exempelvis i form av en limfilm som lindas pa roret 
30 eller extruderas utanpa roret. Skiktets tjocklek kan vara av storleksordningen na- 
gon eller nagra tiondels millimeter. Det smaltbara vidhaftningsmedlet kan innehalla 
ett fyllmedel med god varmeledande formaga, exempelvis aluminiumoxid eller bor- 
nitrid. 
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Vidare innefattar maskinen med fordel medel for expandering av ledning- 
en, innefattande organ for att samtidigt utsatta ledningen for overtryck och upp- 
varmning, sa att den darmed kommer till anliggning mot kanalens vaggar och att 
namnda smaltbara vidhaftningsmedel smalter och vasentligen fyller ut alia halrum 
5 mellan ledningen och kanalens vaggar, varigenom ledningen fixeras mot kanalens 
vaggar. Trycksattningen och uppvarmningen kan ske genom att t ex varm glykol 
cirkuleras i ledningen. For att PEX-materialet och ledningen skall expandera kravs 
en uppvarmning till ca 150°C, och det medium som anvands for trycksattningen 
och uppvarmningen maste alltsa kunna anta denna temperatur. Mediet kan for 

10 ovrigt aven utgoras av det kyl- och/eller varmemedium som senare anvands for 
kylning resp uppvarmning av statorn. Vid uppvarmningen blir ledningen mjuk och 
formbar, limmet smalter och fyller ut eventuella halrum mellan ledning och stator- 
karna, och nar det sedan svalnar stelnar det och fixerar darmed ledningen. Detta 
arrangemang harfordelen att kunna ersatta den insprutning av silikon som annars 

15 forekommer for fixering av ledningen och "tatning" mellan ledning och statorkanal. 
Genom uppfinningen kan transportstrackan for varmet mellan ledning och stator- 
karna minska med av storleksordningen 2 mm. 

Enligt en variant kan ledningen, fore inforandet i kanalen, vara stukad/de- 
formerad radiellt till en diameter som ar mindre an kanalens diameter. 

20 Enligt en annan foredragen utforingsform innefattar den roterande maski- 

nens kyl- och uppvarmningssystem atminstone en expanderbar ledning for trans- 
port av ett kylmedium och/eller ett varmemedium, vilken ar inford i statorkarnans 
spar, i de mellanrum som bildas mellan intill varandra liggande lindningsvarv, samt 
medel for expandering av namnda ledning, varvid namnda ledning nar den expan- 

25 derats klammerfast lindningen i statorsparen. Denna ledning har med fordel en 
profil som huvudsakligen motsvarar det geometriska tvarsnittet hos namnda mel- 
lanrum, foretradesvis en vasentligen trekantig profil. 

Enligt en variant infors den expanderbara ledningen i statorkarnans spar i 
ett lufttomt tillstand. Ledningen kan exempelvis utgoras av en armerad slang och 

30 namnda medel for expandering av ledningen som infors i statorkarnans spar, in- 
nefattar foretradesvis organ for inforande av en trycksatt fluid i ledningen. Led- 
ningen kan t ex trycksattas med ett statiskt vattentryck, varvid lindningen klams 
fast i statorsparet. Vattnet kan sedan cirkuleras for uppvarmning resp kylning av 
spar/stator och lindning. 
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Enligt en annan variant innefattar namnda medel for expandering av led- 
ningen organ for att samtidigt utsatta ledningen for overtryck och uppvarmning, 
och maskinen innefattar aven organ for kylning av ledningen under bibehallande 
av ett overtryck, varigenom ledningen bibehaller sin expanderade form. Ledningen 
utgors da foretradesvis av ett PEX-ror eller ar av ett liknande material, vilket kan 
fas att expandera pa motsvarande satt som beskrivits ovan for ledningen i kana- 
lerna i statorkarnan, och har motsvarande fordelar. 

Ytterligare sardrag och fordelar med foreliggande uppfinning framgar av 
de resterande underordnade patentkraven. 

Med foreliggande uppfinning har saledes astadkommits inte bara en 16s- 
ning till problemet med att undvika temperaturforandringar hos statorn och damned 
sammanhangande problem, utan har aven astadkommits forbattrade satt och an- 
ordningar for infastning av lindningen i statorsparen och fixering av kyl- och var- 
meledningar i kanaler i statorkarnan och i sparen, samt forbattrad varmeoverfo- 
ring. 

Foreliggande uppfinning kommer nu att beskrivas mer i detalj, med han- 
visning till de utforingsexempel som visas pa bifogade ritningar, pa vilka: 
Figur 1 visar en schematisk skiss over det overvakningssystem som ingar i 



Figur 1 visar schematiskt de uppgifter som ett overvakningssystem for en 
roterande elektrisk maskin i huvudsak skall utfora, i enlighet med foreliggande 
uppfinning. Sasom redan namnts ar det onskvart att statorns temperatur, nar val 
den roterande maskinen tagits i drift, halls forhallandevis konstant. For att kunna 
astadkomma detta kravs dels ett system som kyler statorn vid drift och som var- 
mer statorn nar den ej ar i drift, och dels ett overvakningssystem. Exempel pa olika 



Figur 3 
Figur 4 



Figur 2 



Figur 6 



Figur 5 



uppfinningen, 

visar en schematisk bild illustrerande monteringen av lindningen i 
statorsparen, 

illustrerar en variant av monteringen av lindningen, 

illustrerar kanaler i statorkarnan i vilka inforts en ledning for transport 

av kyl- och/eller varmemedium, 

illustrerar statorspar med lindning och ledningar for transport av kyl- 
och/eller varmemedium, och 

visar ett exempel pa en isolerad elektrisk ledare lamplig att anvan- 
das som lindning. 
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utforingsformer av kyl- och varmesystem kommer att visas nedan, men aven and- 
ra utforanden ar naturligtvis tankbara. Som en viktig del i overvakningssystemet 
ingar aven matning av statorns temperatur. Overvakningssystemet kan naturligtvis 
aven anvandas for att styra den temperatur som ledningarna for kylning- och upp- 
5 varmning i stator resp vid lindningen uppvarms till resp kyls till vid monteringen, 
samt det tryck de utsatts for, eller vad som heist som befinns anvandbart i sam- 
manhanget. Overvakningssystemet inklusive styrsystemet for kyl- och varmesys- 
temet och matningen av statorns temperatur ar foretradesvis datorbaserat. Ett sa- 
dant system kan konstrueras med hjalp av kand teknik och kommer darfor ej att 

10 beskrivas i detalj har. 

Sasom aven namnts ovan ar det sarskilt lampligt att som lindning anvanda 
en typ av isolerad elektrisk ledare eller kabel som ar en sa kallad PEX-kabel, i fo- 
religgande sammanhang aven kallad PEX-ledare. Denna kabel utvidgas nartem- 
peraturen hojs, det vill saga nar maskinen tas i drift och detta kan utnyttjas vid 

15 monteringen av kabeln. Sasom illustreras i figur 2, hogra delen av bilden, monte- 
ras kabeln 8 i statorsparen 9 med ett visst spel mellan kabelns utsida och sparets 
insida. Nar statorn uppvarms, vilket skall ske innan den tas i drift eftersom lind- 
ningen i den visade hogra delen av figur 2 ej ar fixerad i sparen, sa kommer ka- 
beln att varmeutvidgas och expandera sa att den kommer till anliggning mot sparet 

20 och saledes satts fast i sparet. Darefter kan maskinen tas i drift. Overvaknings- 
systemet har har till uppgift att kontrollera statorns temperatur sa att den kommer 
upp till en temperatur som ungefarligen motsvarar driftstemperaturen, vid vilken 
temperatur saledes kabeln forutsatts sitta fast i sparet, innan maskinen tas i drift. I 
den vanstra halvan av figur 2 illustreras ett statorspar 9' dar lindningen/kabeln 8' 

25 har expanderat sa att den sitter fast mot sparets innervagg och maskinen ar da 
redo att tas i drift. 

Som ett alternativ kan man utnyttja kabelns "minne" och kyla ner kabeln 
fore monteringen i sparen. Nar kabeln varms atertar kabeln sin ursprungliga di- 
mension och kommer da till anliggning mot sparets vaggar och jarnkarnan. 
30 Det skall papekas att det ar viktigt att nar val drifttemperaturen uppnatts 

denna temperatur halles i stort sett konstant, det vill saga att nar maskinen ej ar i 
drift sa uppratthalls en temperatur som ar ungefarligen lika med drifttemperaturen 
genom uppvarmning, for att lindningen ej skall lossna fran sin anliggning mot sta- 
torsparens insida genom att kabeln krymper nar den kyls ned for mycket. 
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Den i figur 3 illustrerade varianten for montering av lindningen visar en 
stator med sarskilt utformade spar 19 for lindningen, namligen spar som ar ovala i 
radiell riktning. I varje sadant ovalt spar 19 monteras tva elektriska ledare 18 till 
lindningen, dvs motsvarande tva lindningsvarv. Lindningens ledare kan saledes 
5 lindas tva och tva. Denna variant ar sarskilt fordelaktig vid luftkylning men kan na- 
turligtvis aven anvandas vid andra typer av kylning. For att kunna anvanda luftkyl- 
ning kravs vanligen mer plats i sparen och genom att ha lindningens ledare tva 
och tva i ovala spar bildas ett kanalformat utrymme mellan de tva ledarna i ett spar 
och denna kanal kan anvandas for kylning. Denna uppfinning gor det saledes moj- 

io ligt att kyla bade lindning och statortander medelst luft. 

Ledarna 18 kan lampligen behandlas och monteras i enlighet med det 
forfarande som beskrivits ovan i anslutning till figur 2. Som ett alternativ eller ett 
komplement kan mellan de tva ledarna 18 i ett spar 19 kombinerade element 17 
anbringas for fastklamning av ledarna och kylning/uppvarmning av statorn och 

1 5 lindningen, vilka ar av motsvarande slag och anbringas pa motsvarande satt som 
kommer att beskrivas nedan. 

Det skall namnas att uppfinningen illustrerad i figur 3 aven kan utgora en 
separat uppfinning avseende en stator med ovala spar i vilka lindningens ledare 
monteras tva och tva, da den i sig ej ar begransad till en roterande elektrisk ma- 

20 skin av det slag som anges i kravet 26 eller det forfarande som definieras i kravet 
1 . Det skall aven namnas att elementen 17 kan utgoras av infastningselement for 
lindningen av vilken som heist lamplig typ, dvs utan den kombinerade kyl- och/eller 
uppvarmningsfunktionen. 

I figur 4 visas hur kylningen/uppvarmningen av statorn kan ga till. Stator- 

25 karnan 20 ar forsedd med ett antal kanaler 21 for kylning/uppvarmning. I dessa 
kanaler infors en ledning 22 for transport av ett kyl- och/eller ett varmemedium, 
vilken ledning foretradesvis utgors av ett PEX-ror el liknande. Roret har med fordel 
i forvag stukats radiellt till en diameter som ar mindre an diametern hos kanalen i 
statorplaten. I vilket fall har roret 22 en diameter di som ar mindre an kanalens 

30 diameter d k . Detta forenklar avsevart inforandet i kanalen av roret. Darefter tillats 
roret 22 expandera i kanalen sa att det kommer att anta en diameter d 2 som fore- 
tradesvis ar lika eller nagot storre an kanalens minsta diameter d k , for att saker- 
stalla att ledningen/roret fixeras och anligger med god kontakt och for god varme- 
overforing mot kanalens insida och darmed mot statorplaten. Expansionen av roret 
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astadkorris foretradesvis genom en kombination av uppvarmning och trycksatt- 
ning, vilket kan ske genom att en uppvarmd tryckfluid cirkuleras genom ledningar- 
na. 

For att ytterligare forbattra fixeringen av ledningen mot kanalens insida 
5 kan ledningen/roret pa utsidan vara belagd med ett skikt av en smaltbar iimfilm 
som nar roret uppvarms smalter. Limmet kommer da att fylla ut alia eventuella hal- 
rum mellan ledningen och statorplatskikten i karnans kanaler. Limfilmen kan aven 
innehalla ettfyllmedel med god varmeledningsformaga, sasom aluminiumoxid eller 
bornitrid, vilket ytterligare forbattrar smaltningen av limmet och ledningens anligg- 

10 ning mot statorplaten och varmeoverforingen mellan ledningen och statorn. 

Figur 5 visar hur en ledning 27 for transport av ett kyl- och/eller ett varme- 
medium kan placeras i utrymmet mellan lindningen 28 och statorsparet 29. Denna 
ledning kan ha samma egenskaper som den ledning som anvandes i kanalerna i 
statorkarnan. Den kan saledes vara ett PEX-ror som med fordel givits en trekantig 

15 profil som stammer overens med formen pa det tillgangliga utrymmet mellan sta- 
torsparets insida och tva mot varandra angransande lindningsvarv 28. Detta kan 
ha skett genom stukning. Den kan efter inforandet expanderas pa motsvarande 
satt som redan beskrivits ovan, det vill saga foretradesvis genom en kombination 
av uppvarmning och trycksattning av ett medium som cirkuleras genom ledningen. 

20 Harigenom kommer saledes ledningen att anligga bade mot sparets insida och 
lindningen varigenom saledes ledningen astadkommer fixering av lindningen i 
statorsparet. Samtidigt astadkoms en god kontakt mellan ledningen och lindningen 
samt statorplaten, vilket ar gynnsamt for varmeoverforingen och saledes utnyttjas 
for kylning respektive uppvarmning av statorn (och lindningen). Ledningen ar i 

25 denna figur 5 endast anordnad pa en sida av lindningen men kan naturligtvis vara 
anordnad pa bada sidor av lindningen, sasom f 6 visas i figur 3. Det kan aven no- 
teras att figur 3 illustrerar en motsvarande ledning i icke expanderat tillstand. 

Som ett alternativ till PEX-ror kan i stallet en armerad slang anvandas som 
ledning, vilken foretradesvis tras in i de tillgangliga utrymmena i lufttomt tillstand. 

30 Den trycksatts sedan med hjalp av statiskt vattentryck och klammer pa sa satt fast 
lindningskabeln i sparet. 

Slutligen visas i figur 6 ett tvarsnitt av en isolerad elektrisk ledare/kabel 
som ar sarskilt lamplig att anvanda som lindning i statorn enligt uppfinningen. Ka- 
beln 30 innefattar atminstone en stromforande ledare 31 omgiven av ett forsta 
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halvledande skikt 32. Runt detta fbrsta halvledande skikt ar anordnat ett isola- 
tionsskikt 33, och runt detta finns i sin tur anordnat ett andra halvledande skikt 34. 
Den elektriska ledaren 31 kan besta av ett antal kardeler 35. De tre skikten ar ut- 
forda sa att de vidhaftar varandra aven da kabeln bojs. Den visade kabeln ar flexi- 
bel och denna egenskap bibehalls av kabeln under dess livslangd. Den illustrera- 
de kabeln skiljer sig aven fran konventionell hogspanningskabel genom att det 
yttre, mekaniskt skyddande holjet samt den metallskarm som normalt omger en 
sadan ar eliminerade. 

Foreliggande uppfinning skall ej anses begransad til! de utforingsexempel 
som illustrerats, utan kan varieras av fackmannen pa mangahanda satt inom ra- 
men for uppfinningstanken sasom definierad i patentkraven. 
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1 . Forfarande vid roterande elektrisk rnaskin for hog spanning, innefattande 
en rotor och en stator med en karna samt en lindning anordnad i spar i statorkar- 

5 nan, vilken lindning innesluter det elektriska faltet och ar utford med en isolerad 
elektrisk ledare (30) innefattande atminstone en stromforande ledare (31), vidare 
innefattande ett forsta skikt (32) omslutande den stromforande ledaren, ett fast 
isolationsskikt (33) omslutande namnda forsta skikt, och ett andra skikt (34) om- 
slutande isolationsskiktet, kannetecknat av att statorn kyls, nar den ar i drift, till en 
io temperatur T1 , och att statorn uppvarms, nar den ej ar i drift, till en temperatur T2. 

2. Forfarande enligt krav 1 , kannetecknat av att den temperatur T2 som 
statorn uppvarms till nar den ej ar i drift, ar vasentligen lika med den temperatur T1 
som statorn kyls till nar den ar i drift. 

15 

3. Forfarande enligt krav 1 , kannetecknat av att den temperatur T2 som 
statorn uppvarms till nar den ej ar i drift, ar nagot lagre an den temperatur T1 som 
statorn kyls till nar den ar i drift, varvid foretradesvis T2 ar av storleksordningen 0- 
20°C lagre an T1. 

20 

4. Forfarande enligt krav 1 , kannetecknat av att den temperatur T2 som 
statorn uppvarms till nar den ej ar i drift, ar nagot lagre an den temperatur T1 som 
statorn kyls till nar den ar i drift, varvid foretradesvis T2 ar av storleksordningen 0- 
10°C lagre an T1. 

25 

5. Forfarande enligt nagot av foregaende krav, kannetecknat av att lind- 
ningen (8), vid tillverkningen av maskinen, monteras i statorns spar (9) med ett 
spel som vasentligen motsvaras av lindningens forvantade expansion vid statorns 
drifttemperatur. 



6. Forfarande enligt nagot av kraven 1-4, kannetecknat av att lindningen, vid 
tillverkningen av maskinen, fore monteringen i statorns spar deformeras mekaniskt 
pa ett sadant satt att lindningen, nar den darefter monterats i sparen, kommer att 
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aterta sift odeformerade tillstand varvid lindningen kommer att anligga mot spa- 
rens vaggar. 

7. Forfarande enligt nagot av kraven 1-4 eller 6, kannetecknat av att lind- 
5 ningen, vid tillverkningen av maskinen, fore monteringen i statorns spar kyls ned 
varvid den undergar termisk krympning, att den darefter monteras i sparen, och att 
den efter monteringen i sparen kommer att aterta sin ursprungliga form p g a upp- 
varmning, varvid lindningen kommer att anligga mot sparens vaggar. 

io 8. Forfarande enligt nagot av kraven 5-7, kannetecknat av att statorn, efter 

monteringen av lindningen i sparen men fore idrifttagandet, uppvarms till en tem- 
peratur T3. 



9. Forfarande enligt krav 8, kannetecknat av att temperaturen T3 vasentli- 

15 gen motsvarar statorns forvantade drifttemperatur TO, samt att maskinen tas i drift 
forst nar denna temperatur T3 uppnatts. 



10. Forfarande enligt krav 8, kannetecknat av att temperaturen T3 ar nagot 
lagre an statorns forvantade drifttemperatur TO, varvid foretradesvis T3 ar av stor- 

20 leksordningen 0-20°C lagre an TO. 

1 1 . Forfarande enligt krav 8, kannetecknat av att temperaturen T3 ar nagot 
lagre an statorns forvantade drifttemperatur TO, varvid foretradesvis T3 ar av stor- 
leksordningen 0-1 0°C lagre an TO. 

25 

12. Forfarande enligt nagot av foregaende krav, kannetecknat av att en ex- 
panderbar ledning (22) for transport av ett kylmedium och/eller ett varmemedium 
infers i harfor avsedda kanaler (21) i statorkarnan (20), varefter namnda ledning 
tillats expandera sa att ledningen trycks mot kanalens insida for god kontakt och 

30 varmeoverforing. 

13. Forfarande enligt krav 12, kannetecknat av att ledningen for inforandet 
belaggs med ett skikt smaltbart vidhaftningsmedel. 



# 
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14. Forfarande enligt krav 1 3, kannetecknat av att det smaltbara vidhaft- 
ningsmedlet innehaller ett fyllmedel med god varmeledande formaga. 

15. Forfarande enligt nagot av kraven 13-14, kannetecknat av att ledningen 
expanderas genom att den samtidigt utsatts for overtryck och uppvarmning, sa att 
den damned kommer till anliggning mot kanalens vaggar och att narnnda smaltba- 
ra vidhaftningsmedel da smalter och vasentligen fyller ut alia halrum mellan led- 
ningen och kanalens vaggar, varigenom ledningen fixeras mot kanalens vaggar 

16. Forfarande enligt nagot av kraven 12-15, kannetecknat av att ledningen 
fore inforandet i kanalen stukas radiellt till en diameter som ar mindre an kanalens 
diameter. 

17. Forfarande enligt nagot av foregaende krav, kannetecknat av att en ex- 
panderbar ledning (17;27) for transport av ett kylmedium och/eller ett varmemedi- 
um infors i statorkarnans spar (19;29), i de mellanrum som bildas mellan intill var- 
andra liggande lindningsvarv (18;28), varefter narnnda ledning tillats expandera sa 
att iindningen darigenom klams fast i statorsparen. 

18. Forfarande enligt krav 17, kannetecknat av att den expanderbara ledning 
for transport av ett kylmedium och/eller ett varmemedium som infors i statorkar- 
nans spar, fore inforandet i sparen, stukas till en profil som huvudsakligen motsva- 
rar det geometriska tvarsnittet hos narnnda mellanrum. 

19. Forfarande enligt krav 18, kannetecknat av att narnnda ledning fore info- 
randet i sparen stukas till en vasentligen trekantig profil. 

20. Forfarande enligt krav 17, kannetecknat av att den expanderbara led- 
ningen for transport av ett kylmedium och/eller ett varmemedium som infors i sta- 
torkarnans spar infors i ett lufttomt tillstand. 



21 . Forfarande enligt krav 20, kannetecknat av att narnnda ledning expande- 
ras genom att en trycksatt fluid infors i ledningen. 
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22. Forfarande enligt nagot av kraven 12-19, kannetecknat av att ledningen 
(22;17;27) expanderas genom att den samtidigt utsatts for ett overtryck och upp- 
varmning, och att den darefter kyls under bibehallande av ett overtryck, varigenom 
ledningen bibehaller sin expanderade form. 

5 

23. Forfarande enligt krav 22, kannetecknat av att expanderingen sker ge- 
nom att en varmeledande trycksatt fluid cirkuleras i ledningen (22;17;27). 

24. Forfarande enligt nagot av kraven 21 eller 23, kannetecknat av att den 
io trycksatta fluiden utgors av det kylmedium och/eller varmemedium som senare 

anvands for kylning resp uppvarmning av statorn. 

25. Forfarande enligt nagot av kraven 12-24, kannetecknat av att kylmediet 
och varmemediet utgors av samma medium. 

15 

26. Roterande elektrisk maskin for hog spanning, innefattande en rotor och en 
stator med en karna samt en lindning anordnad i spar i statorkarnan, vilken lind- 
ning innesluter det elektriska faltet och ar utford med en isolerad elektrisk ledare 
(30) innefattande atminstone en stromforande ledare (31), vidare innefattande ett 

20 forsta skikt (32)omslutande den stromforande ledaren, ett fast isolationsskikt (33) 
anordnat omslutande namnda forsta skikt, och ett andra skikt (34) omslutande 
isolationsskiktet, kannetecknad av att den innefattar en anordning for att kyla 
statorn, nar den ar i drift, till en temperatur T1 och uppvarma statorn, nar den ej ar 
i drift, till en temperatur T2. 

25 

27. Roterande maskin enligt krav 26, kannetecknad av att anordningen in- 
nefattar atminstone ett kyl- och uppvarmningssystem for statorn och ett overvak- 
ningssystem (1) innefattande organ (3) som uppmater statorns temperatur vid drift 
resp nar den ej ar i drift och organ (2) som styr kyl- och uppvarmningssystemet sa 

30 att namnda temperaturer T1 , till vilken statorn kyls nar den ar i drift, resp T2, till 
vilken statorn uppvarms nar den ej ar i drift, uppnas och uppratthalls. 
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28. Roterande maskin enligt krav 26 eller 27, kannetecknad av att den tem- 
peratur T2 som statorn uppvarms till nar den ej ar i drift, ar vasentligen lika med 
den temperatur T1 som statorn kyls till nar den ar i drift. 

5 29. Roterande maskin enligt krav 26 eller 27, kannetecknad av att den tem- 
peratur T2 som statorn uppvarms till nar den ej ar i drift, ar nagot lagre an den 
temperatur T1 som statorn kyls till nar den ar i drift, varvid foretradesvis T2 ar av 
storleksordningen 0-20°C lagre an T1. 

io 30. Roterande maskin enligt krav 26 eller 27, kannetecknad av att den tem- 
peratur T2 som statorn uppvarms till nar den ej ar i drift, ar nagot lagre an den 
temperatur T1 som statorn kyls till nar den ar i drift, varvid foretradesvis T2 ar av 
storleksordningen 0-10°C lagre an T1. 

15 31 . Roterande maskin enligt nagot av kraven 27-30, kannetecknad av att 
overvakningssystemet (1) aven innefattar organ for uppmatning av statorns tem- 
peratur innan den tas i drift for forsta gangen, organ som styr kyl- och uppvarm- 
ningssystemet sa att statorn, innan den tas i drift for forsta gangen, uppvarms till 
en temperatur T3, och organ som styr att maskinen tas i drift forst nar temperatu- 

20 ren T3 har uppnatts. 

32. Roterande maskin enligt krav 31 , kannetecknad av att temperaturen T3 
vasentligen motsvarar statorns forvantade drifttemperatur TO. 

25 33. Roterande maskin enligt krav 31 , kannetecknad av att temperaturen T3 
ar nagot lagre an statorns forvantade drifttemperatur TO, varvid foretradesvis T3 ar 
av storleksordningen 0-20°C lagre an TO. 

34. Roterande maskin enligt krav 31, kannetecknad av att temperaturen T3 
30 ar nagot lagre an statorns forvantade drifttemperatur TO, varvid foretradesvis T3 ar 
av storleksordningen 0-1 0°C lagre an TO. 
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35. Roterande maskin enligt nagot av kraven 26-34, kannetecknad av att 
lindningen (8;18;28) ar sa utformad att den inte ar fixerad i statorsparen (9;19;29) 
forran temperaturen T3 uppnatts. 

5 36. Roterande maskin enligt nagot av kraven 26-35, kannetecknad av att den 
innefattar atminstone en expanderbar ledning (22) for transport av ett kylmedium 
och/eller ett varmemedium, vilken ar inford i harfor avsedda kanaler (21) i stator- 
karnan (20), samt medel for expandering av namnda ledning, varvid namnda led- 
ning nar den expanderats trycks mot kanalens insida for god kontakt och varme- 

io overforing. 

37. Roterande maskin enligt krav 36, kannetecknad av att ledningen fore in- 
forande belagts med ett skikt smaltbart vidhaftningsmedel. 

1 5 38. Roterande maskin enligt krav 37, kannetecknad av att det smaltbara vid- 
haftningsmedlet innehaller ett fyllmedel med god varmeledande formaga. 

39. Roterande maskin enligt nagot av kraven 37-38, kannetecknad av att 
namnda medel for expandering av ledningen innefattar organ for att samtidigt ut- 
20 satta ledningen for overtryck och uppvarmning, sa att den darmed kommer till an- 
liggning mot kanalens vaggar och att namnda smaltbara vidhaftningsmedel smal- 
ter och vasentligen fyller ut alia halrum mellan ledningen och kanalens vaggar, 
varigenom ledningen fixeras mot kanalens vaggar. 

25 40. Roterande maskin enligt nagot av kraven 36-39, kannetecknad av att 

ledningen, fore inforandet i kanalen, ar stukad radiellt till en diameter som ar mind- 
re an kanalens diameter. 

41. Roterande maskin enligt nagot av kraven 26-40, kannetecknad av att den 
30 innefattar atminstone en expanderbar ledning (17;27) for transport av ett kylmedi- 
um och/eller ett varmemedium, vilken ar inford i statorkarnans spar (19;29), i de 
mellanrum som bildas mellan intill varandra liggande lindningsvarv (18;28), samt 
medel for expandering av namnda ledning, varvid namnda ledning nar den expan- 
derats klammer fast lindningen i statorsparen. 
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42. Roterande maskin enligt krav 41, kannetecknad av att ledningen har en 
profil som huvudsakligen motsvarar det geometriska tvarsnittet hos namnda mel- 
lanrum, foretradesvis en vasentligen trekantig profil. 

5 

43. Roterande maskin enligt krav 41 , kannetecknad av att den expanderbara 
ledningen for transport av ett kylmedium och/eller ett varmemedium som infors i 
statorkarnans spar ar i ett lufttomt tillstand nar den infors. 

io 44. Roterande maskin enligt krav 43, kannetecknad av att namnda medel for 
expandering av ledningen som infors i statorkarnans spar, innefattar organ for in- 
forande av en trycksatt fluid i ledningen. 

45. Roterande maskin enligt nagot av kraven 36-42, kannetecknad av att 
15 namnda medel for expandering av ledningen (22;17;27) innefattar organ for att 
samtidigt utsatta ledningen for overtryck och uppvarmning, och av att maskinen 
aven innefattar organ for kylning av ledningen under bibehallande av ett overtryck, 
varigenom ledningen bibehaller sin expanderade form. 

20 46. Roterande maskin enligt krav 45, kannetecknad av att den innefattar or- 
gan for cirkulering av en varmeledande trycksatt fluid i ledningen (22;17;27). 

47. Roterande maskin enligt krav 46, kannetecknad av att den trycksatta flui- 
den utgors av det kylmedium och/eller varmemedium som senare anvands for kyl- 

25 ning resp uppvarmning av statorn. 

48. Roterande maskin enligt nagot av kraven 36-47, kannetecknad av att 
kylmediet och varmemediet utgors av samma varmeledande medium som kyls 
resp uppvarms. 
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SAM MAN DRAG 

Foreliggande uppfinning avser ett forfarande vid roterande elektrisk ma- 
skin for hog spanning, innefattande en rotor och en stator med en karna samt en 
lindning anordnad i spar i statorkarnan, vilken lindning innesluter det elektriska 
faltet och ar utford med en isolerad elektrisk ledare (30) innefattande atminstone 
en stromforande ledare (31), vidare innefattande ett forsta skikt (32) omslutande 
den stromforande ledaren, ett fast isolationsskikt (33) omslutande namnda forsta 
skikt, och ett andra skikt (34) omslutande isolationsskiktet. Forfarandet kanneteck- 
nas av att statorn kyls, nar den ar i drift, till en temperatur T1 , och att statorn upp- 
varms, nar den ej ar i drift, till en temperatur T2. Uppfinningen avser aven en mot- 
svarande roterande elektrisk maskin for genomforande av forfarandet. 



>^KNT COOPERATION TREATY 

W PCT 



-ECD 2 7 AUG 2001 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT^ 

(PCT Article 36 and Rule 70) 



PCT 



Applicant's or agent's file reference 
p 00-814/IJW 



See Notification of Transmittal of International 
FOR FURTHER ACTION p^^^y Examination Report (Form PCT/IPEA/416) 



International filing date (day/month/year) 
25.05.2000 



International application No. 
PCT/SE00/01069 
International Patent Classification (IPC) or national classification and IPC7 
H 02 K 9/00 



Applicant 
ABB AB ET AL 



Priority date (day/month/year) 
27.05.1999 



,- • „~;™,;™ rt-rm Vkk heen rjreoared by this International Preliminary Examining 

1 This international preliminary examination report has Been preparcu oy 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 3 



sheets, including this cover sheet 



. , . . axtntp-xTS ie sheets of the description, claims and/or drawings which have 

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCI). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 

I Basis of the report 

II Q Priority 

III Q NowstAfi^^ 

IV I I Lack of unity of invention 

V FsTl Reasoned statement under Article 35(2) with regard ^ 



citations and explanations supporting such statement 
VI | j Certain documents cited 
Vn Q Certain defects in the international application 
VIII J~J Certain observations on the international application 



Date of submission of the demand 
27.12.2000 


Date of completion of this report 
16.08.2001 


Name and mailing address of the IPEA/SE 

Patent- och registreringsverket Tel ** 

BOX 5055 PATOREG-S 
S-102 4 2 STOCKHOLM PAlUKtA* b 

Facsimile No. 08-667 72 88 


Authorized officer 

Bertil Nordenberg/MN 

Telephone No- 08-782 25 00 1 



INTERNATIONAL PREl 



' EXAMINATION REPORT 



lnterq^^Bri application No. 

iPCT/^EOO/01069 



I. Basis o f the report 

1. With regard to the elements of the international application:* 
^/j the international application as originally filed 

| 1 the description: 



. as originally filed 
, filed with the demand 



| 1 the claims: 



, as originally filed 



pages 
pages 



, as amended (together with any statement) under article 19 

, filed with the demand 



\ | the drawings: 

pages 

pages 



, as originally filed 



s filed with the demand 



| | the sequence listing part of the description: 

pages 

pages 



, as originally filed 
, filed with the demand 



2 With regard to the language, all the elements marked above wer. available or mrnished to this Authority in the language in which 
' the international application was filed, unless otherwise indicated under this item. 

S^ments were available or furnished to this Authority in the following language English 

□ the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

the language of publication of the international application (under Rule 48.3(b)). 
n the language of the translation furnished for the purposes of international preHminary examination (under Rules 55.2 and/ 
1 — 1 or 55.3V 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

[ [ contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

[ | furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

M The statement that the subsequently furnished written sequence listing does not go beyond the disclosure m the 

fo ™ is identical t0 SeqUenCC *** ^ 

I — I been furnished. 
4. Q The amendments have resulted in the cancellation of: 
| | the description, pages 

□ 



the claims, Nos. 



| | the drawings, sheet/fig 



,-. TWs report has been established as if (some of) the amendments had not been made since they have been considered to go 
5 - 1— J beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). 

• Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
Tnt^reT^originallyfl^ Sore annexed to this report since they do no, contain amendments (Rules 70.16 
and 70.17). 

** Any replacement sheet containing such amendme nts must be referred to under item I and annexed to this report. 

Form PCT/IPEA/409 (Box I) (January 1998) 



INTERNATIONAL P 



EXAMINATION REPORT 



Inter^^B^l application No. 
PCT/SE00/01069 



V. Reasoned statement under Article 35(1) with regard to novelty, inventive step or industrial apphcabBity; 
citations and explanations snpporting sueo statement 



1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (LA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-48 



1-49 



1-48 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

The invention refers to a method for a rotating machine and a 
rotating machine for high voltage, comprising a rotor and a 
stator having a core and a winding, arranged in slots in the 
stator core. The winding encloses the electric field and is 
provided with an insulated electric conductor comprising at 
least one current carrying conductor. The insulated electric 
conductor comprises also a first layer, surrounding the 
current carrying conductor, a solid insulation layer 
surrounding the first layer, and a second layer surrounding 
the first layer. The object of the invention is to provide a 
solution of the problems caused by differences in temperature 
and the thermal expansion of the winding. This is accomplished 
by cooling down the stator, when it is in operation, to a 
temperature Tl, and heating up the stator, when it is out of 
operation, to a temperature T2 . 

Documents cited in the International Search Report: 
Dl WO 9745935 A 

Dl discloses a rotating high voltage electrical machine having 
a high voltage cable with two semiconducting layers flanking 
insulation layer drawn through stator slots for windings. 
Defects, cracks and the like are avoided upon thermal movement 
in the winding as at least one of the two semiconducting 
layers has the same coefficient of thermal expansion as the 
solid insulation. No heating up of the stator, when it is out 
of operation, providing another solution to the problems 
caused by differences in temperature, is used. 

The citation thus does not anticipate the present invention, 
stated in claims 1-48. The invention is thus considered to 
be novel, involve an inventive step and comprise industrial 
applicability . 
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(57) Abstract: Hie present invention relates to a method for a rotating electric machine for high voltage, comprising a rotor and 
a stator having a core and a winding arranged in slots in the stator core, which winding contains the electric field and is designed 
with an insulated electric conductor (30) comprising at least one current carrying conductor (31) in addition to comprising a first 
layer (32) surrounding the current carrying conductor, a solid insulation layer (33) surrounding said first layer, and a second layer 
(34) surrounding the insulation layer. The method is characterized by the stator being cooled, during operation, to a temperature Tl , 
and the stator being heated, when it is out of operation, to a temperature T2. The invention relates also to a corresponding rotating 
electric machine for performing the method. 



%0 00/779X3 A! lodAi 



Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— With international search report. ance Notes on Codes and Abbreviations " appearing at the begin- 



ning of each regular issue of the PCT Gazette. 



f 



WO 00/77913 




PCT/SEOO/01069 



A METHOD FOR A ROTATING ELECTRIC MACHINE AND A MACHINE FOR 
CARRYING OUT THE METHOD 

The present invention relates to a method for a rotating electric machine 
5 for high voltage and such a rotating electric machine. 

The present invention relates especially to a rotating electric machine 
having the type of winding as defined in the preamble of claims 1 and 26 respec- 
tively. 

In this connection, rotating electric machines comprise synchronous ma- 

10 chines, which are mainly used as generators for connection to distribution and 

transmission networks, referred to as power networks. Synchronous machines are 
also used as motors, in addition to phase compensation and voltage regulation 
and then as mechanically idling machines. This technical field also comprises nor- 
mal asynchronous machines, dual-feed machines, alternating current machines, 

15 asynchronous converter cascades, outer pole machines and synchronous flux 
machines. These machines are intended for use at high voltages, i. e. voltages 
that mainly exceed 10 kV. A typical operating range for such a rotating machine 
may be 36 - 800 kV, and preferably 72,5 - 800 kV. 

In conventional types of electric rotating machines the stator body is often 

20 designed in the form of a welded steel sheet construction. The stator core, also re- 
ferred to as a steel core, is normally in larger machines formed of so-called electric 
sheet which is preferably 0,35-0,50 mm thick and divided into stacks. The stator 
core is provided with radial slots for the winding so as to form radial layers at dif- 
ferent radial distances from the air gaps between the stator and the rotor. The term 

25 layer refers to layers of winding at different radial distances from the central axis of 
the stator. A winding turn is formed by that part of the winding, which extends once 
back and forth through the stator between different layers. 

Rotating electric machines have conventionally been designed for voltages 
in the range of 6 - 30 kV, and 30 kV has normally been considered to be an upper 

30 limit. This generally means that a generator must be connected to the power net- 
work via a transformer, which steps up the voltage to the level of the power net- 
work, i.e. in the range of approximately 130 - 400 kV. 

Different attempts have been made during the course of the years to de- 
velop especially synchronous machines, and more especially generators, for high 
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voltages. Such examples may be found among others in; "Electrical World", Octo- 
ber 15, 1932, pages 524 - 525, the article; "Water-and-oil-cooled Turbo-generator 
TVM-300", in J. Elektrotechnika, No.1, 1970, pages 6 - 8, and in the patent publi- 
cations US 4,429,244 and SU 955 369. However, none of these attempts have 
5 been successful or led to any commercially available product. 

It has however been shown feasible to use high voltage insulated conduc- 
tors as stator winding in a rotating electric machine, which have solid insulation 
and are of a design similar to cables used for transmission of electric power (e. g. 
so-called XLPE-cables). The voltage of the machine can be increased hereby to 

10 such levels that it can be connected directly to the power network without an in- 
termediate transformer. Thus, among other things, the very important advantage 
of eliminating the conventional transformer is hereby achieved. A rotating electric 
machine with such a winding is described for instance in the PCT application WO 
97/45919. Additional descriptions of the insulated conductor or cable can be found 

15 in the PCT applications WO 97/45918, WO 97/45930 and WO 97/45931. 

The above-mentioned type of winding, principally corresponding to cables 
having solid, extruded insulation of a type presently used for power distribution, 
such as said XLPE-cables or cables having EPR-insulation, comprises an inner 
conductor composed of one or more strands, an inner semiconductive layer sur- 

20 rounding the conductor, a solid insulation layer surrounding the inner semiconduc- 
tive layer and an outer semiconductive layer surrounding the insulation layer. Such 
cables are flexible, which is an essential property in this context since the technol- 
ogy for the device, according to the invention, is based primarily on a winding sys- 
tem in which the winding is formed from conductors, which are bent during as- 

25 sembly. The flexibility of an XLPE-cable normally corresponds to a radius of cur- 
vature of approximately 20 cm for a cable 30 mm in diameter, and a radius of cur- 
vature of approximately 65 cm for a cable 80 mm in diameter. In the present appli- 
cation the term flexible is used to indicate that the winding is flexible down to a ra- 
dius of curvature in the order of 4 times the cable diameter, preferably 8 to 12 

30 times the cable diameter. 

The winding should be designed so as to retain its properties even when it 
is bent and subjected to thermal stress during service. In this connection, it is vital 
that the layers retain their adhesion to each other. The material properties of the 
layers are decisive here, particularly their resiliency and relative coefficients of 
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thermal expansion. In an XLPE-cable, for example, the insulation layer consists of 
cross- linked, low-density polyethylene and the semiconductive layers consist of 
polyethylene compounded with soot and metal particles. Changes in volume, as a 
result of temperature fluctuations, are fully accommodated in the form of changes 
5 in the radius of the cable and thanks to the comparatively slight difference be- 
tween the coefficients of thermal expansion of the layers in relation to the resilien- 
cy of these materials the radial expansion of the cable can take place without ad- 
hesive failures between the layers. 

The material combinations stated above are considered by way of exam- 
10 pie only. Other combinations fulfilling the above-mentioned conditions and the 

condition of being semiconductive, i. e. having a volume resistivity within the range 
of 10" 1 - 10 6 ohm-cm, such as 1 - 500 ohm-cm, or 10 - 200 ohm-cm for example, 
naturally fall within the scope of the invention. 

The insulating layer can consist, for example, of a solid thermoplastic ma- 
15 terial such as low-density polyethylene (LDPE), high-density polyethylene (HDPE), 
polypropylene (PP), polybutylene (PB), polymethyl pentene (PMP), cross-linked 
materials such as cross-linked polyethylene (XLPE), or rubber such as ethylene 
propylene rubber (EPR) or silicone rubber. 

The inner and outer semiconductive layers may be made of the same ba- 
20 sic material but compounded with particles of conducting material such as soot or 
metal powder. 

Ethylene-vinyl-acetate copolymers/nitrile rubber, butyl graft polyethylene, 
ethylene-butyl-acrylate-copolymers and ethylene-ethyl-acrylate copolymers may 
also constitute suitable polymers for the semiconductive layers. 

25 Even when different types of material are used as a base in the respective 

layers, it is desirable that their coefficients of thermal expansion are of the same 
magnitude. This is the case in the above listed combination of materials. 

The materials listed above have a relatively good resiliency, with an E- 
modulus of E < 500 MPa, preferably < 200 MPa. The resiliency is sufficient for any 

30 possible minor differences between the coefficients of thermal expansion of the 
materials in the layers to be accommodated in the radial direction so that no 
cracks or other damage appear and so that the layers do not loose adhesion to 
each other. The materials in the layers are elastic, and the adhesion between the 
layers is at least of the same magnitude as the weakest of the materials. 
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The conductivity of the two semiconductive layers is sufficient to substan- 
tially equalise the potential along each respective layer. The conductivity of the 
outer semiconductive layer is sufficiently high to enclose the electrical field within 
the cable, but sufficiently small so as to not give rise to significant losses due to 
currents induced in the longitudinal direction of the layer. 

Thus, each of the two semiconductive layers essentially constitutes one 
equipotential surface, and the winding constituting these layers substantially con- 
fines the electrical field within itself. 

However, nothing prevents one or more additional semiconductive layers 
from being arranged in the insulating layer. 

One problem arising with the use of an XLPE-insulated conductor and the 
like when used as winding is their expansion, because of their relatively high coef- 
ficient of thermal expansion, which occurs as a result of heating when operating 
the machine. The normal operating temperature for a machine of the present type 
is in the order of 70°C, which is considerably lower than that of conventional ma- 
chines that have an operating temperature of approx. 100-1 20°C. The difference in 
temperature between the machine in operation or out of operation, which tempera- 
ture difference is normally in the order of 50°C but may even be considerably high- 
er if the machine is placed outdoors in a cold climate, causes an XLPE-insulated 
conductor that is securely fastened within the stator slots when the machine is in 
operation, to shrink when the operation of the machine is interrupted and the 
XLPE-insulated conductor can very possibly loose adhesion to the walls of the slot 
so that it is more or less loosely positioned when the machine is out of operation. 
This loose conductor creates a problem when the machine starts operating again. 
The XLPE-insulated conductor and the stator slots are alternatively dimensioned 
in such a way in relation to each other that the conductor is fastened within the slot 
even when the machine is out of operation. When the machine consequently starts 
operating and the temperature starts rising, the XLPE-insulated conductor in the 
slots expands thermally and risks being damaged in the slots. Special devices for 
securing and maintaining the XLPE-insulated conductor may be used as another 
alternative, but which have the disadvantage of being both costly and difficult to 
install. 
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The present invention intends to solve the above-mentioned problems, 
which are caused by differences in temperature and the thermal expansion of the 
winding. 

The problem is solved, according to the present invention as defined in the 
5 characterizing part of claiml , by a method where the stator is cooled while during 
operation to a temperature T1 f and where it is heated while out of operation to a 
temperature T2. A corresponding rotating electric machine solves the problem as 
defined in the characterizing part of claim 26. The rotating machine thus comprises 
a device for cooling the stator, while during operation, to a temperature T1, and for 

10 heating the stator, while out of operation, to a temperature T2. The advantage 
achieved hereby is that said temperature differences are reduced, thereby reduc- 
ing the thermal expansion of the winding. Because the temperature differences are 
reduced to a high degree in this way or, according to an especially preferred em- 
bodiment, are equalised completely, see below, the problems of different thermal 

15 expansion between the solid insulation and the layers surrounding the insulation of 
the insulated electric conductor in use is also eliminated. Reducing the tempera- 
ture variation in this way, or alternatively equalising the temperature, makes a freer 
choice of material in the insulated conductor possible. Thus, other conducting 
materials, having larger temperature coefficients, may be used and materials hav- 

20 ing different temperature coefficients may be combined in the solid insulation and 
surrounding layers. 

According to an especially advantageous feature, this device comprises at 
least one cooling and heating system for the stator and one supervision system 
comprising means which measure the temperature of the stator both during op- 

25 eration and out of operation respectively, and means which control the cooling and 
heating system such that said temperatures T1 , which the stator cools down to 
when it is in operation, and T2, which the stator heats up to when it is out of op- 
eration respectively, are obtained and maintained. 

According to an advantageous feature, the temperature T2 is preferably 

30 essentially equal to the temperature T1 , which means that the temperature of the 
stator is held essentially constant regardless of whether it is in operation or not. 

According to another advantageous feature, the temperature T 2, which 
the stator is heated up to when it is out of operation, is somewhat lower than the 
temperature T1 t which the stator is cooled down to when it is in operation, where- 
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by T2 is preferably in the range of 0 - 20° C lower than T1 , and with advantage in 
the range of 0 - 10° C lower than T1 , or in the order of 10 - 15% lower than T1 . 

The insulation of the XLPE-conductor remains at a constant volume be- 
cause the temperature is constant or close to constant, which simplifies securing 
5 and assembly of the winding in addition to simplifying and making the whole prin- 
ciple of construction trustworthy. No noticeable relative movements are obtained 
as a result of differences in the coefficients of expansion between the different 
parts of the stator and the winding. 

According to an advantageous embodiment, the winding is installed, dur- 

10 ing assembly of the machine, in the slots of the stator with play, which essentially 
corresponds to the expected expansion of the winding during the operating tem- 
perature of the machine. The winding, before installation in the slots of the stator, 
can alternatively be deformed mechanically in such a way that the winding, which 
is installed thereafter in the slots, returns to its non-deformed state and bears on 

15 the walls of the slot. According to another alternative, the winding may be cooled 
down before installation in the slots of the stator, undergoing thereby thermal 
shrinkage, after which the winding is installed in the slots and regains its original 
state as a result of heating whereby the winding bears on the walls of the slot. In 
all cases the stator is heated, after the winding has been installed but before oper- 

20 ating, with advantage to a temperature T3, which preferably essentially corre- 
sponds to the expected operating temperature TO. 

Thus, the system for supervision of the machine comprises with advantage 
also means for measuring the temperature of the stator before being taken into 
operation for the first time, means controlling the cooling and heating system such 

25 that the stator, before operating for the first time, is heated to a temperature T3, 
and means which control the machine such that it is taken into operation only 
when the temperature T3 has been reached. 

The temperature T3 may even be somewhat lower than the expected op- 
erating temperature of the stator TO, whereby T3 is preferably in the range of 0 - 

30 20°C lower than TO, and with advantage in the range of 0 - 10°C lower than TO. 

The advantage of having a winding which is not fastened within the slot of 
the stator until the operating temperature has essentially been reached is obtained 
by utilising, among other things, the "memory effect" of an XLPE-insulated conduc- 
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tor or similar conductor which is released by heat or time. This also improves the 
possibilities of replacing a damaged part of the winding. 

According to an preferred embodiment, the cooling and heating system of 
the rotating machine comprises at least one expandable conducting means for 
5 transportation of a cooling and/or a heating medium, which is inserted into ducts in 
the stator core, which are adapted for this purpose, in addition to means for the ex- 
pansion of said conducting means, whereby said conducting means after having 
expanded, presses against the inside of the duct in order to obtain good contact 
and heat transfer. 

10 Said conducting means, which is preferably a proportionately rigid tube 

made of XLPE material or the like, has with advantage, before being inserted, 
been coated with a layer of fusible adhesive, in the form of glue film for example, 
which is wound onto the tube or extruded on the outside of the tube. The thickness 
of the layer may be in the range of one to some tenths of a mm. The fusible adhe- 

15 sive may contain a filler having good thermal conductivity such as aluminium oxide 
or boron nitride. 

Additionally, the machine comprises with advantage means for the expan- 
sion of the conducting means, comprising means for simultaneously subjecting the 
conducting means to overpressure and heating, so that the conducting means 

20 bears on the walls of the duct and so that said fusible adhesive melts and sub- 
stantially fills all cavities between the conducting means and the walls of the duct, 
whereby the conducting means is secured against the walls of the duct. Pressuri- 
sation and heating can take place by, for example, warm glycol being circulated 
inside the conducting means. Heating up to approx. 150° is required for the XLPE 

25 material and the conducting means to expand, and the medium used for pressuri- 
sation and heating must therefore be able to withstand this temperature. Besides, 
the medium can consist of the cooling and /or heating medium, which is used later 
for cooling and heating the stator respectively. The conducting means becomes 
supple and can be reshaped during heating and the glue, which melts and fills up 

30 possible cavities between the conducting means and the stator core, then hardens 
and secures the conducting means when cooling down. This arrangement has the 
advantage of being able to substitute the injection of silicon rubber, which is other- 
wise used for securing the conducting means and as a "sealing" between the con- 
ducting means and the stator ducts. The invention therefore shortens the distance 
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that the heat travels between the stator core and the conducting means by approx. 
2 mm. 

According to a variant, the conducting means can be deformed radially, 
before being inserted into the duct, so as to correspond to a smaller diameter than 
5 that of the duct. 

According to another preferred embodiment, the cooling and heating sys- 
tem of the rotating machine comprises at least one expandable conducting means 
for transportation of a cooling and/or a heating medium, which conducting means 
is inserted into the slots of the stator core, in the cavities that are formed between 
10 the turns of the winding lying adjacent to each other, in addition to means for the 
expansion of said conducting means, whereby said conducting means, after hav- 
ing expanded, clamps the winding firmly within the stator slots. This conducting 
means has with advantage a profile, which principally corresponds to the geomet- 
rical cross-section of said cavities and which is preferably an essentially triangular 
15 profile. 

According to a variant, the expandable conducting means is inserted into 
the slots of the stator core in an evacuated condition. The conducting means may, 
for example, be made of reinforced hose and said means for the expansion of the 
conducting means, being inserted into the slots of the stator core, preferably com- 
20 prise means for feeding a pressurised fluid into the conducting means. The con- 
ducting means can, for example, be pressurised by means of a static water pres- 
sure, whereby the winding is clamped firmly within the stator slot. The water can 
be circulated thereafter in order to heat and cool the slot/stator and winding re- 
spectively. 

25 According to another variant, said means for the expansion of the con- 

ducting means comprise means for simultaneously subjecting the conducting 
means to overpressure and heating, and the machine also comprises means for 
cooling the conducting means while retaining an overpressure, whereby the con- 
ducting means retains its expanded form. The conducting means then preferably 

30 constitutes an XLPE-tube or is made of a similar material, which can be made to 
expand in a corresponding manner to the above-mentioned description of the con- 
ducting means within the ducts of the stator core, and which has the correspond- 
ing advantages. 
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Additional features and advantages of the present invention will be made 
evident in the remaining dependent claims. 

Thus, not only has a solution been found for the problem of avoiding tem- 
perature changes in the stator and other problems in this connection, improved 
5 ways and devices have also been found for securing the winding in the stator slots 
and fastening the conducting means for heating and cooling purposes within the 
ducts in the stator core and the slots, in addition to finding a solution for improved 
heat transmission. 

Embodiments of the present invention will now be described, by way of 
10 example only, with particular reference to the accompanying drawings in which: 
Figure 1 shows a schematic sketch of the supervision system, which is part of 
the invention; 

Figure 2 shows a schematic sketch illustrating the installation of the winding in 
the stator slots; 

1 5 Figure 3 shows a variant of the installation of the winding; 

Figure 4 shows ducts in the stator core, into which a conducting means for 

transportation of a cooling and/or heating medium has been inserted; 
Figure 5 shows stator slots with winding and conducting means for transpor- 
tation of the cooling and/or heating medium; and 
20 Figure 6 shows an example of an insulated electric conductor suitable for use 
as winding. 

Figure 1 shows schematically, in accordance with the invention, the speci- 
fications that a supervision system for a rotating electric machine will perform. As 
mentioned above, it is desirable that the temperature of the stator, when it has 

25 been put into operation, remains relatively constant. In order to achieve this, a 
system cooling the stator in operation and heating the stator when it is out of op- 
eration is required as well as a supervision system. Examples of different embodi- 
ments constituting cooling and heating systems will be shown below, not excluding 
other possible embodiments. Measurement of the temperature of the stator is an 

30 important part of the supervision system. The supervision system can naturally al- 
so be used to control the temperature that the conducting means for cooling and 
heating the stator and winding respectively are heated up to and cooled down to 
respectively during installation, as well as controlling the pressure they are sub- 
jected to, or anything else that is serviceable in this connection. The supervision 
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system and controlling system inclusively, for the cooling and heating system and 
the measurement of the temperature of the stator are preferably computerised. 
Such a system can be designed with the help of known technique and will there- 
fore not be described in detail herewith. 
5 As in the above-mentioned, it is especially desirable to use a type of insu- 

lated electric conductor or cable, which is a so-called XLPE-cable, as winding 
which in the present connection is also termed an XLPE-insulated conductor. This 
cable expands when the temperature rises, i. e. when the machine is in operation 
and this condition can be exploited during installation of the cable. As illustrated in 

10 Figure 2, on the right hand side of the illustration, the cable 8 is installed in the sta- 
tor slots with play between the outside of the cable and the inside of the slot. 
When the stator is heating up, which must take place before it is put into operation 
because the winding, shown on the right hand side of Figure 2, has not been fas- 
tened in the slots yet, the cable expands thermally so that it bears on the slot and 

15 is thus secured in the slot. The machine is then ready for service. The purpose of 
the supervision system is to control the temperature of the stator so that it reaches 
a temperature that approximately corresponds to the operating temperature, of 
which temperature the cable is presumed to be secured in the slot, before the ma- 
chine starts operating. A stator slot 9' is illustrated on the left-hand side of Figure 2 

20 where the winding/cable 8' has expanded to such an extent that it is secured adja- 
cent to the inner wall of the slot and the machine is then ready for service. 

Alternatively, the "memory effect" of the cable can be utilised in order to 
cool down the cable before installation in the slot. When the cable is heated the 
cable regains its original dimension and then bears on the walls of the slot and the 

25 iron core. 

It should be noted that it is important that, when the operating temperature 
has been reached, it be kept at a fairly constant level, i. e. when the machine is out 
of operation, a temperature is maintained, which is approximately equal to the op- 
erating temperature derived from heating, so that the winding will not loosen its 
30 adjacent hold on the inside of the stator slots as a result of shrinkage when cooling 
down too much. 

The variant illustrated in figure 3, for installation of the winding, shows a 
stator having especially designed slots 19 for the winding, i.e. slots, which are oval 
in the radial direction. Two electric conductors 18 are installed in each such oval 
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slot 19 t i.e. corresponding to two winding turns. Thus, the conductors of the wind- 
ing can be wound two at a time. This variant is especially advantageous for air- 
cooling but can naturally also be used in other types of cooling. More space is 
usually needed in the slots in order to utilise air-cooling and by winding the con- 
5 ductors of the winding two at a time, in the oval slots, a duct shaped space is 
formed between the two conductors in a slot, which duct may be utilised for cool- 
ing. Thus, this invention makes it possible to cool both the winding and the stator 
teeth by means of air. 

The conductors 18 may suitably be treated and installed in accordance 
10 with the method described above, in connection with figure 2. Alternatively or 
complementary thereto, combined means 17, which are of a corresponding type 
and can be arranged in a corresponding way to the above, may be applied be- 
tween the two conductors 18 in a slot 19 in order to clamp the conductors and 
which means can be utilised for cooling/heating the stator and the winding, which 
15 will be described further below. 

It should be noted that the invention illustrated in figure 3 can also consti- 
tute a separate invention as regards a stator having oval slots in which the con- 
ductors of the winding are installed two at a time, which invention is not solely 
confined to a rotating electric machine of the type referred to in claim 26 or to the 
20 method defined in claim 1 . It should also be noted that the means 17 could be 

constituted of winding clamping means of any suitable type, i. e. without the com- 
bined cooling and/or heating function. 

Figure 4 shows how the cooling/heating of the stator may be carried out. 
The stator core 20 is provided with a plurality of ducts 21 for cooling/heating. A 
25 conducting means 22 is inserted into these ducts in order to transport a cooling 
and/or heating medium, which conducting means preferably constitutes an XLPE- 
tube or the like. The tube has preferably been deformed radially in advance so that 
it corresponds to a diameter that is smaller than the diameter of the duct in the sta- 
tor steel sheets. In any case, the tube 22 has a diameter of di, which is smaller 
30 than the diameter of the duct d k . This considerably simplifies the process of lead- 
ing the tube into the duct. The tube 22 is then allowed to expand in the duct until it 
attains a diameter d 2 . which preferably corresponds to or is somewhat bigger than 
the smallest diameter d k of the duct in order to ensure that the conducting means/- 
tube is secured and bears on the inside of the duct, and thereby to the stator steel 
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sheets, in such a way that it obtains good contact and good heat transfer. The ex- 
pansion of the tube is preferably achieved through a combination of heating and 
pressure, caused by a heated, compressed fluid circulating through the conducting 
means. 

5 The conducting means/tube can be coated on its outside with a layer of 

fusible glue film, which melts when the tube is heated in order to further improve 
the process of fastening the conducting means so that it bears on the inside of the 
duct. The glue then fills all possible cavities between the conducting means and 
the stator sheet layers in the core duct. The glue film can also contain a filler hav- 

10 ing good thermal conductivity such as aluminium oxide or boron nitride, which fur- 
ther improves the melting of the glue and the contact of the conducting means to 
the stator sheets as well as the heat transfer between the conducting means and 
the stator. 

Figure 5 shows how a conducting means 27 for transportation of a cooling 

15 and/or heating medium can be located in the space between the winding 28 and 
the stator slot 29. This conducting means can have the same characteristics as 
the conducting means, being used in the ducts in the stator core. Thus, this con- 
ducting means can be constituted of an XLPE-tube which has advantageously 
been given a triangular profile, which corresponds to the form of the accessible 

20 space between the inside of the stator slot and two winding turns 28 lying adjacent 
to each other. This could have taken place through deforming the conducting 
means. The conducting means can expand in a corresponding way to the above- 
mentioned after having been inserted, i. e preferably by means of a combination of 
heating and pressurising a medium circulating through the conducting means. 

25 Thus, the conducting means hereby bears on both the insides of the slot and the 
winding whereby the conducting means thus fixes the winding within the stator 
slot. Good contact is established at the same time between the conducting means 
and the winding as well as the stator sheets, which is favourable for heat transfer 
and can thus be utilised for cooling and heating of the stator (and the winding) re- 

30 spectively. The conducting means in this figure 5 is only arranged on the one side 
of the winding but can naturally be arranged on both sides of the winding, such as 
shown previously in figure 3. It is also noteworthy that figure 3 illustrates a corre- 
sponding conducting means in a non-expanded condition. 
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A reinforced hose can alternatively also be used as a conducting means 
instead of the XLPE-tube, which is preferably threaded in an evacuated condition 
into the accessible spaces. This is thereafter pressurised by means of static water 
pressure and clamps the winding cable in this manner within the slot. 

5 Finally, a cross-section of an insulated electric conductor/cable is shown in 

figure 6, which is especially suitable for use as winding in the stator according to 
the invention. The cable 30 comprises at least one current carrying conductor 31 
surrounded by a first semiconductive layer 32. An insulation layer 33 is arranged 
around this first semiconductive layer, which layer is surrounded in turn by a sec- 

10 ond semiconductive layer 34. The electric conductor 31 can consist of a plurality of 
strands 35. The three layers are designed in such a way that they adhere to each 
other even when the cable is bent The flexibility of the shown cable is a life-long 
characteristic. The illustrated cable also differs from conventional high voltage ca- 
bles because the outer, mechanical protective sheathing and the metal screen, 

15 which normally surrounds such a cable, are eliminated. 

The present invention should not be considered limited to the shown em- 
bodiments, but can be varied by a person skilled in the art in numerous ways with- 
in the frame of the invention as defined in the attached patent claims. 
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CLAIMS 

1 . A method for a rotating electric machine for high voltage, comprising a ro- 
tor and a stator having a core and a winding arranged in slots in the stator core, 

5 which winding encloses the electric field and is provided by means of an insulated 
electric conductor (30) comprising at least one current carrying conductor (31) and 
also comprising a first layer (32) surrounding the current carrying conductor, a 
solid insulation layer (33) surrounding said first layer, and a second layer (34) sur- 
rounding the insulation layer, characterized by the stator being cooled down, 

10 when it is in operation, to a temperature T1, and the stator being heated up, when 
it is out of operation, to a temperature T2 

2. A method according to claim 1 , characterized in that the temperature T2, 
which the stator is heated up to when it is out of operation, is essentially equal to 

15 the temperature T1, which the stator is cooled down to when it is in operation. 

3. A method according to claim 1 , characterized in that the temperature T 2, 
which the stator is heated up to when it is out of operation, is somewhat lower than 
the temperature T1, which the stator is cooled down to when it is in operation, 

20 whereby T2 is preferably in the range of 0 - 20° C lower than T1 . 

4. A method according to claim 1 , characterized in that the temperature T 2, 
which the stator is heated up to when it is out of operation, is somewhat lower than 
the temperature T1 , which the stator is cooled down to when it is in operation, 

25 whereby T2 is preferably in the range of 0 - 1 0° C lower than T1 . 

5. A method according to any one of the preceding claims, characterized in 
that the winding (8), during assembly of the machine, is installed in the slots (9) of 
the stator with play which essentially corresponds to the expected expansion of 

30 the winding during the operating temperature of the stator. 

6. A method according to any one of claims 1-4, characterized in that the 
winding, during assembly of the machine and before being installed in the slots of 
the stator, is deformed mechanically in such a way that the winding will regain its 
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non-deformed state when it is installed thereafter in the slots so that it bears on the 
walls of the slots. 

7. A method according to any one of claims 1 - 4 or 6, characterized in that 
5 the winding, during assembly of the machine and before installation in the slots of 
the stator, is cooled down so that it undergoes thermal shrinkage, after which it is 
installed in the slots and thereupon regains its original shape as a result of heating 
so that the winding bears on the walls of the sJots. 

10 8. A method according to any one of claims 5-7, characterized in that the 
stator, after installation of the winding in the slots but prior to its operation, is 
heated up to a temperature T3. 

9. A method according to claim 8, characterized in that the temperature T3 
1 5 essentially corresponds to the expected operating temperature TO of the stator, 

and that the machine only begins operating once this temperature T3 has been 
reached. 

10. A method according to claim 8, characterized in that the temperature T3 
20 is somewhat lower than the expected operating temperature TO of the stator, 

whereby T3 is preferably in the range of 0 - 20° C lower than TO. 

11. A method according to claim 8, characterized in that the temperature T3 
is somewhat lower than the expected operating temperature TO of the stator, 

25 whereby T3 is preferably in the range of 0 - 1 0° C lower than TO. 

12. A method according to any one of the preceding claims, characterized in 
that an expandable conducting means (22) for transportation of a cooling and/or a 
heating medium is inserted in ducts (21) provided therefore in the stator core (20), 

30 after which said conducting means is allowed to expand so that the conducting 

means is pressed against the inside of the duct in order to obtain good contact and 
heat transfer. 
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13. A method according to claim 12, characterized in that the conducting 
means before insertion is coated with a layer of fusible adhesive agent. 

14. A method according to claim 13, characterized in that the fusible adhe- 
5 sive agent contains a filler having good thermal conductivity. 

15. A method according to any one of claims 13 - 14, characterized in that 
the conducting means expands because it is simultaneously subjected to pressure 
and heating, thereby bearing on the walls of the duct and that said fusible adhe- 

10 sive agent then melts and essentially fills all cavities between the conducting 

means and the walls of the duct whereby the conducting means is secured to the 
walls of the duct. 

16. A method according to any one of claims 12-15, characterized in that 

1 5 the conducting means, before being inserted in the duct, is deformed radially so as 
to correspond to a diameter smaller than the diameter of the duct. 

17. A method according to any one of the preceding claims, characterized in 
that an expandable conducting means (17; 27) for transportation of a cooling 

20 and/or a heating medium is inserted in the slots (19; 29) of the stator core, into the 
cavities formed between the turns of the winding (18; 28) lying adjacent to each 
other, after which said conducting means is allowed to expand in such a way that 
the winding is thereby firmly clamped within the stator slots. 

25 18. A method according to claim 1 7, characterized in that the expandable 

conducting means for transportation of a cooling and/or a heating medium, before 
being inserted in the slots of the stator core, is deformed into a profile principally 
corresponding to the geometric cross-section of said cavities. 

30 19. A method according to claim 1 8, characterized in that said conducting 
means, before being inserted in the slots, is deformed in such a way that it corre- 
sponds to an essentially triangular profile. 
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20. A method according to claim 17, characterized in that the expandable 
conducting means for transportation of a cooling and/or a heating medium is in- 
serted in the slots of the stator core in a vacuous condition. 

5 21. A method according to claim 20, characterized in that said conducting 
means expands by means of a pressurised fluid being fed into the conducting 
means. 

22. A method according to any one of claims 12-19, characterized in that 
10 the conducting means (22; 17; 27) expands as a result of simultaneously being 

subjected to overpressure and heating, and that it is cooled thereafter while main- 
taining overpressure whereby the conducting means maintains its expanded form. 

23. A method according to claim 22, characterized in that the expansion 

15 takes place by means of a heat conducting pressurised fluid circulating within the 
conducting means (22; 17; 27). 

24. A method according to any one of claims 21 or 23, characterized in that 
the pressurised fluid constitutes the cooling and/or heating medium which is used 

20 at a later stage for cooling and heating the stator respectively. 

25. A method according to any one of claims 12-24, characterized in that 
the cooling and the heating medium constitutes the same medium. 

25 26. A rotating electric machine for high voltage, comprising a rotor and a stator 
having a core and a winding arranged in slots in the stator core, which winding 
confines the electric field and is provided by means of an insulated electric con- 
ductor (30) comprising at least one current carrying conductor (31), comprising 
also a first layer (32) surrounding the current carrying conductor, a solid insulation 

30 layer (33) surrounding said first layer, and a second layer (34) surrounding the in- 
sulation layer, characterized in that it comprises a device for cooling the stator, 
when it is in operation, to a temperature T1, and for heating the stator, when out of 
operation, to a temperature T2. 
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27. A rotating machine according to claim 26, characterized in that the device 
comprises at least one cooling and heating system for the stator and a supervision 
system (1) comprising means (3) which measure the temperature of the stator 
both during operation and out of operation respectively, and means (2) which con- 

5 trol the cooling and heating system so that said temperatures T1 , which the stator 
cools down to during operation, and T2, which the stator heats up to when it is out 
of operation respectively, are obtained and maintained. 

28. A rotating machine according to claim 26 or 27, characterized in that the 
10 temperature T2 which the stator is heated up to when it is out of operation, is es- 
sentially equal to the temperature T1 which the stator cools down to when it is in 
operation 

29. A rotating machine according to claim 26 or 27, characterized in that the 
15 temperature T2, which the stator is heated up to when it is not in operation, is 

somewhat lower than the temperature T1 , which the stator is cooled down to when 
it is in operation, whereby T2 is preferably in the range of 0 - 20° C lower than T1. 

30. A rotating machine according to claim 26 or 27, characterized in that the 
20 temperature T2, which the stator is heated up to when it is out of operation, is 

somewhat lower than the temperature T1, which the stator is cooled down to when 
it is in operation, whereby T2 is preferably in the range of 0 - 10° C lower than T1. 

31. A rotating machine according to any one of claims 27 - 30, characterized 
25 in that the supervision system (1) also comprises means for measuring the tem- 
perature of the stator before operating for the first time, means for controlling the 
cooling and heating system such that the stator, before operating for the first time, 
is heated up to a temperature T3, and means which control the machine such that 
the machine is only put into operattion when the temperature T3 has been reach- 

30 ed. 



32. A rotating machine according to claim 31, characterized in that the tem- 
perature T3 essentially corresponds to the expected operating temperature TO of 
the stator. 
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33. A rotating machine according to claim 31, characterized in that the tem- 
perature T3 is somewhat lower than the expected operating temperature TO of the 
stator, whereby T3 is preferably in the range of 0 - 20° C lower than TO. 

5 34. A rotating machine according to claim 31 , characterized in that the tem- 
perature T3 is somewhat lower than the expected operating temperature TO of the 
stator, whereby T3 is preferably in the range of 0 - 10° C lower than TO. 

35. A rotating machine according to any one of claims 26 - 34, characterized 
10 in that the winding (8; 18; 28) is designed in such a way that it is not secured in the 

stator slots (9; 19; 29) before the temperature T3 has been reached. 

36. A rotating machine according to any one of claims 26 - 35, characterized 
in that it comprises at least one expandable conducting means (22) for transporta- 

15 tion of a cooling and/or a heating medium, which conducting means is inserted in 
ducts (21) in the stator core which are adapted for this purpose, in addition to 
means for the expansion of said conducting means, whereby said conducting 
means, after having expanded, is pressed against the inside of the duct in order to 
obtain good contact and heat transfer. 

20 

37. A rotating machine according to claim 36, characterized in that the con- 
ducting means, before being inserted, is coated with a layer of fusible adhesive 
agent. 

25 38. A rotating machine according to claim 37, characterized in that the fusible 
adhesive agent contains a filler having good thermal conductivity. 

39. A rotating machine according to any one of claims 37 - 38, characterized 
in that said means for the expansion of the conducting means comprises means 
30 which simultaneously subject the conducting means to overpressure and heating, 
so that the conducting means bears on the walls of the duct and that said fusible 
adhesive agent melts and essentially fills all cavities between the conducting 
means and the walls of the duct whereby the conducting means is secured 
against the walls of the duct. 
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40. A rotating machine according to any on of claims 36 - 39, characterized in 
that the conducting means, before being inserted in the duct, is deformed radially 
to correspond to a diameter smaller than the diameter of the duct. 

5 

41 . A rotating machine according to any one of claims 26 - 40, characterized 
in that it comprises at least one expandable conducting means (17; 27) for trans- 
portation of a cooling and/or a heating medium, which conducting means is in- 
serted in the slots (19; 29) of the stator core, into the cavities which are formed 

10 between the winding turns (18; 28) lying adjacent to each other, in addition to 
means for the expansion of said conducting means, whereby said conducting 
means after having expanded clamps the winding firmly within the stator slots. 

42. A rotating machine according to claim 41, characterized in that the con- 
15 ducting means has a profile that principally corresponds to the geometrical cross- 
section of said cavities, preferably an essentially triangular profile. 

43. A rotating machine according to claim 41 , characterized in that the ex- 
pandable conducting means for transportation of a cooling and/or a heating me- 

20 dium is inserted in the slots of the stator core in a vacuous condition. 

44. A rotating machine according to claim 43, characterized in that said 
means for the expansion of the conducting means which is inserted in the slots of 
the stator core, comprises means for feeding a pressurised fluid into the conduct- 

25 ing means. 

45. A rotating machine according to any one of claims 36 - 42, characterized 
in that said means for the expansion of the conducting means (22; 17; 27)) com- 
prises means for simultaneously subjecting the conducting means to overpressure 

30 and heating, and that the machine also comprises means for cooling the conduct- 
ing means while retaining an overpressure, whereby the conducting means retains 
its expanded form. 
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46. A rotating machine according to claim 45, characterized in that it com- 
prises means for circulation of a heat conducting pressurised fluid within the con- 
ducting means (22; 17; 27). 



5 47. A rotating machine according to claim 46, characterized in that the pres- 
surised fluid consists of the cooling and/or heating medium which is used at a later 
stage for cooling and heating the stator respectively. 

48. A rotating machine according to any one of claims 36 - 47, characterized 
1 0 in that the cooling medium and the heating medium consist of the same heat con- 
ducting medium which is cooled and heated respectively. 
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